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Abstract 
This paper aims to discuss machining cutting with zinc base aluminum alloys for aircraft applications (UNS A97075) through 
research and development activities, as well as experiments based on the turning process with specific machining conditions -
cutting speed, feed rate and cutting depth. In addition, some macro scale studies were performed on the tool life as well as 
experimental measuring using stereoscopic optical microscopy (SOM) techniques on the chip. The relation between influence 
cutting parameters on the chip geometry during machining can be used to determine the optimal cutting conditions for other 
processes. 
 
© 2016 The Authors. Published by Elsevier Ltd. 
Peer-review under responsibility of the Scientific Committee of MESIC 2015. 
Keywords: Turning process, Cutting parameters, Chip morphology, UNS A97075 
1. Introduction  
Recently, numerous studies have investigated the development trends in conventional design in air transportation. 
The last decades many researchers have focused studies on materials performance based in understanding of 
industrial experiments about the relationship establishing cause as effect on between manufacturing and the 
evolution of structural materials [1], with relation of the improvement in the manufacturing technologies for the 
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aircraft sector [2, 3]. The technological leadership of this industry is related to the use of light alloys (magnesium, 
aluminum and titanium alloys) and other materials, such as laminated hybrids. The impact on the development of 
these materials has been associated with weight ration reduction in some parts of the vehicle and the improvement of 
the tensile strength, that approaches or exceeds those of high strength structural steels (e.g. integral structure of 
aircraft)[4]. Currently, most of all mechanical components manufactured in the aircraft sector are produced through 
metal cutting (one of the most used techniques and oldest). For that reason, there is industrial interest on analyzing 
the advances of the machining process, because they influence increase of productivity during aircraft manufacture 
by reducing costs and its environmental impact. The improvements are focused on optimizing the machining 
operations during the production of some metallic components (e.g. turning, drilling, milling or grinding) before to 
be assembled through of preventing the generation of obstacles during assembly (chip formation). At the same time, 
the aim is to obtain pieces with a good dimensional precision and a high quality surface level, which results can 
contribute to improved performance, reduced operating costs. For this reason, one objective of this study is 
considering evaluate the influence of dry machining process as competitive strategy. Consequently, the use of this 
process requires a thorough understanding of the interrelationships which link the process, tool and workpiece as a 
function of chip geometry. Moreover, it should be noted that appraisal of the chip morphology is important to 
analyze because can influence the functionality of components as effect of productivity of process and can cause 
injuries.  
On another hand, the aluminum alloys are one of the most commonly employed materials for aircraft market and 
form part of the lightweight materials group used for to face the challenge of air transportation because of their 
properties, such as low density, high strength, ductility, toughness, resistance to fatigue and excellent recycling 
potential. However, these alloys have extremely high tendency to adhere during cutting process and causing a 
potential risk that can lead to tool breakage and interruption of process. The 7xxx series have been widely used as 
structural materials in aircraft industries, amongst which have noticeable application is 7075, employed in 
manufacture for fuselage, stringers, and wing skins. That the reason, which is considered superplastic and have been 
relatively understudied in dry machining process [5-10]. Currently, there are few studies focused to analysis this 
alloy, most of them has been evaluated by the machinability of material through cutting forces, as well as the tool 
wear in relationship with quality of machined surface and accuracy of the workpiece as in the simulation of the 
cutting process. This investigation focused on understanding by empirical analysis of machining of lightweight 
alloys during turning process (using cylindrical parts with geometry cutting close to orthogonal - carried out mostly 
in research laboratories in order to better understand this complex process) through the comparative study of various 
methodologies to characterize of morphology chip correlated to the influence of the cutting parameters as cutting 
speed Vc , feed rate f and cutting depth p. The intention of these experiments is promote chip analysis as a possible 
indicator that help to understand the machining process and influence significantly on the properties of the work 
material, the tool and the cutting parameters [11-13]. 
 
Nomenclature 
Vc cutting speed 
f feed rate 
p cutting depth 
hc height of peak 
hv height valley 
Gs degree of segmentation chip 
S distance between peaks 
Ø sliding angle  
bv width of chip 
Sv chip area  
Sv chip area 
ξ shrinkage factor 
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2. Experimental 
This experimental study was designed to evaluate behavior of material UNS A97075 with chemical composition 
shown in Table 1, during cutting process to determine the main influence on the chip morphology under certain 
conditions generated on the first stage of machining. 
Table 1. Chemical composition of  UNS A97075 
Zn Mg Cu Cr Fe Si Mn Al 
6,03 2,62 1,87 0,19 0,15 0,09 0,07 Rest 
 
Experimental work was conducted in order to study the effect of cutting parameters. In particular with feed rate 
keeping constant the variables like cutting speed and cutting depth. This variable was justified by recent studies 
which demonstrate that f have most influence in chip morphology [14-16]. For this experiments has been employed 
these cutting parameters: Vc 80 m/min, cutting depth p 1 mm and various values of feed rate f are 0.05, 0.1, 0.2 and 
0.3 mm/r during the first stage of machining with time 10 s) on the chip geometry side flow during dry turning test a 
cylindrical bar (length of 150 mm and ø 60 mm) of aluminum alloy UNS A97075. The tests were carried out in a 
parallel lathe Pinacho S-90/180, with tool insert of TiN coated WC-Co from SECO supplier (DCMT11T308F2 
TP1000) whose geometry cutting is close to orthogonal cutting. In order to maintain the same initial conditions were 
used new tools in each cutting test, and the same time, some samples of the chip were collected after cutting. First 
step the chip morphology characterized by geometrical measurements used monitoring system. In this case, was 
monitored by using a SONY DCR-DVD92E Digital Camera (ON Line) and the dimensional of chip was measured 
by an optical microscope NIKON model SMZ 2T, Kappa Image Base camera model CF11 DSP (OFF Line) for this 
step was necessary to using metallurgical processes. The methodology has to following the next steps: selection of 
chip, mounting in epoxy resin, mechanical grinding and polished to reveal their sections and the last step was 
etching with Keller reagent (2ml HF 48% + 3ml HCl + 5ml HNO3 + 190ml H2O) for 20 seconds. Finally, the 
geometry chip was generally evaluated at some points (e. g. appearance and dimension) using the ISO 3685:1993 
standard [17]. The images were processing by ImageJ program - commercial software. However, it must be stated 
that slight adjustments were made based on the characteristics of the material studied [18].  
3. Results and discussion 
The results obtained of experiments showed the variation on chip geometry through different cutting conditions 
with respect a  f in Table 2. 
Table 2. Experimental chip obtained on the cutting process at Vc 80 m/min 
f (mm/r) 
 0.05 0.1 0.2 0.3 
Machining process 
    
Macrophotograph
y of the chip 10x 
   
SOM image of a 
chip 20x 
    
 
Continuous-
Snarled 
Conical helical - 
Long 
Tubular chip- 
Long 
Serrated- Short 
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In experimental work showing on the first level, the trends of chip geometry with similar serrated appearance in 
compared to other materials. In generally, the chip morphology characterization of UNS A97075 alloy according to 
different values of f, the preliminary assessment was represented by macrophotography of chip obtained, is 
generally continuous helical type, since the alloy has a high level of plasticity. However, the picture shown on the 
second level, experimental scenarios when f increase and also can be seen that a 0.3 mm/r the chip tends to be more 
fragment ability compared with 0.2 mm/r can be classified long tubular chip. In particularly, with 0.1 mm/r the chip 
is conical helical (segmented, more stable) on comparisons with other values, but the worst scenario, can be 
observed with low feed rate as is the case 0.05 mm/r, where chip is obtained in the form of tape with a tendency to 
form spiral chip snarled will be causing damage to the machined surface as the tool life. Furthermore, the last level 
shows images SOM 20x chip during machining. Thus, can do a preliminary assessment qualitatively was identify 
that increasing geometrical value. For this reason, is necessary to evaluate the micro scale studies of the chip 
through to monitoring of the different methodologies which establish the optimal procedure for handling and data 
acquisition. 
a) b) c) 
Fig. 1. a) Measured parameters on chip; b) Chip area, Sv and c) Width of chip, bv  
Figure 1a shows the parameters measured on the chip longitudinal section: height of peak hc (mm) and height 
valley hv (mm), the difference of them can be determined the degree of segmentation chip Gs (mm), which was 
calculated using equation (1) and chip section calculated by the distance between peaks S (mm) and the sliding 
angle ø (°) on the chip. In the case of Figure 1b and 1c are discussed later on. 
c
vc
s h
hhG  
                          (1) 
 
Fig. 2. Evolution of the chip geometry parameters as a function of f 
The experimental results were shown in Figure 2, can display the growth trend of all the parameters on chip 
geometry with respect to the feed rate machining. The chip tends to fragment, resulting in differences in height 
between peak and valley, which is represented by the degree of segmentation chip Gs and a slight increase in chip 
segment, is also observed causing an oscillation in its deformation. In parameter S has gradually increased, 
indicating a dependence on the value of f, accompanied by a possible energy to condition the cut growth. The 
increase in the degree of segmentation chip Gs, indicates the possible thermal instability of the material to high 
values of f. The last important point is to measuring the complementary of sliding angle ø (°) on the chip, after that 
was measured can be calculating the shear angle ϕ (°) by using equation (2). 
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ISM  
2
        (2) 
where, ϕ is the shear angle and ø is complementary or sliding angle each experimental test. 
 
Fig. 3. Shear angle ϕ values in whiskers plot as a function of f 
The mean values of shear angle are illustrated in Figure 3. This angle determinate the position of the plane in 
which the material slips during machining and can observe a shear angle stability function f in which the average 
value ranging between 40° to 41°, this value indicates that actually applies where Stabler theory indicates that for a 
λ equal 0°, the shear angle can vary between 10° and 45°. Another parameter possible of calculate is the shrinkage 
factor ξ, using to quantifying compression of the material during the cutting process. For calculated the ξ is 
necessary to evaluate the cross section of the chip through two variables of study: width bv of chip (mm) and chip 
area Sv (mm2).  
Table 3. SOM images of cross section of chip obtained on the cutting process at Vc 80 m/min 
 
f (mm/r) 
 0.05 0.1 0.2 0.3 
Cross section 
of chip (10x) 
    
 
On the first level of the Table 3 shows the cross section of the chip into relation with respect f. In another hand, 
was necessary to measure Sv and calculate the theoretical relationship on the cross section of the undeformed chip So 
(mm2) before cutting by using equation (3).                               
fpSo u 
       (3) 
where, So is the cross section of chip before cutting and p is the depth cutting and f is the feed rate each experimental 
test. 
 
Fig. 4. Cross sections of the chip So before and Sv after cutting as a function of f 
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In Figure 4, shown the trend of between the chip undeformed section So with a high degree of similarity with 
respect to Sv after cutting, shows slight involvement in cutting process. In another hand, it should be noted that was 
necessary determine the chip width before bo which is represented numerically by using equation (4). 
Fsen
pbo  
      (4) 
where, bo is the width of the chip to be removed and p is the depth cutting and χ is the tool cutting edge angle, with 
as result is close to 1.10 mm. 
 
Fig.5. Comparative trajectories of the width chip bo and bv as a function of f 
Figure 5, shown the results of trajectory the width of chip bo and bv as a function of f, are slightly significant 
between them. For that reason is verified the Stabler Hypothesis, so that the measured values should be close to 
those obtained in orthogonal cutting, as obtained some compression of the material during the cutting process. In 
order to conclude with the evaluation of the deformation of the material during machining ξ was necessary to 
calculate by equation (5). 
 
)cos( JI
I[  v
o
b
senb
   (5) 
where, ξ is the shrinkage factor, bo width chip before and bv after cutting and ϕ represent the shear angle and γ the 
rake angle, with as result shown in Figure 6. 
 
Fig. 6. Shrinkage factor values evaluated as a function of f 
In the beginning of this paper was mentioned that the aluminum alloys have a high tendency to adhere during 
cutting process and causing ductile chip, that complicate the machining process and in Figure 6, shown little change 
of shrinkage factor values to according to increase of f whose results are related to ductility of the material in the 
zone of the cutting edge of the machining tools. This parameter can be used to estimate the horsepower required on 
the machining process and it is related with interface of the chip and the tool [19, 20].  
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Finally, the last part experimental was focused into evaluation of the tool after cutting process by techniques 
SOM, shown on the Table 4, whose result is evident, the tool wear progression in function of f. This is due to 
increased efforts and pressures in the cutting zone, which facilitates the adhesion of the material to cause for thermo 
mechanical effects visualized on rake face of tool Built Up Layer [21, 22]. Therefore, the wear appears when the 
geometry of chip is continuous form and causing stresses during contact with tool and has strong relation with cross 
section. In the case of Built Up Edge their presence is unstable and caused by the formation of an adhesive layer of 
the workpiece caused by their ductility. 
Table 4. SOM images of tool obtained on the cutting process at Vc 80 m/min 
 f (mm/r) 
 0.05 0.1 0.2 0.3 
Rake face of 
tool (30x) 
    
 
The last part was considered some relevant bibliography references with similarity to this experiment and was 
done comparison of the previous results of chip geometry during machining process. At first stage of the machining, 
the chip that was created in homogeneous form and is cut into fragments when specific value for chip thickness is 
reached and to be related with tool life, whose data are discussed below in Table 5. 
Table 5. Comparative summary of the chip geometry as function of cutting parameters 
Chip geometry 
Cutting parameters 
Tool life 
×Vc ×p ×f 
Height of peak hc (mm) Ù Ù × Ø 
Height valley hv (mm) Ù Ù × Ø 
Degree of segmentation chip Gs (mm) Ù Ù × Ø 
Distance between peaks S (mm) Ù Ù × Ø 
Shear angle ϕ (°) Ù Ù Ù × 
Shrinkage factor ξ Ù Ù × × 
Width of chip bv (mm) Ù Ù Ù × 
Cross section area Sv (mm2) Ù Ù × Ø 
4. Conclusions 
The obtained results from the chip analysis during machining of alloy UNS A97075 show the correlation 
between cutting parameters on chip geometry. In addition, the results obtained from experiment tests are found that: 
x For this study, it was possible to adjust some methodologies applied in other materials. In this case, using of 
stereoscopic optical microscope and metallographic techniques. 
x It was observed that f is the parameter has influences on chip geometry except on width chip and strong relation 
to the tool life. 
x According to the experimental results, the proposed methodology can provide and identify of chip geometry the 
alloy UNS A97075 with respect to cutting parameters and also was validated the morphology of chip in relation 
to the ISO 3685:1993 standard. 
x Through of experimental was possible to identify and understand that increased values of f the tool wear 
progression becomes larger, more unstable and can to adversely residual affect the machined surface and chip 
geometry.  
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Some future interest work as follows: It will be to correlate in macro scale some geometrical parameters of the 
chips in relationship with surface finish and tool life. 
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